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VIRTUAL DESIGN OF ATTACHMENT OF
DENTAL MODEL IN ARTICULATOR

FIELD OF THE INVENTION

This invention generally relates to a method, system and
kit for virtually designing the attachment of a manufactured
dental model of a patient’s set of teeth 1n a physical dental
articulator. More particularly, the invention relates to design-
ing the attachment by means of spacer elements.

BACKGROUND OF THE INVENTION

US2005250075A discloses a method for creating a physi-

cal teeth model comprising: providing a virtual three dimen-
sional (3D) representation of a patient’s dentition that com-
prises at least a region of the teeth that includes a tooth
stump on which a crown 1s to be fitted or a region on to
which a bridge 1s to be fitted; and preparing a physical model
of the jaws of a subject from a blank, based on information
from said virtual 3D 1mage, wherein said physical model 1s
a positive model comprises two members, one representing
the upper jaw and the other the lower jaw, both members are
produced with an alignment arrangement to permit proper
occlusion alignment of the two members, and wherein the
alignment arrangement includes a mounting arrangement for
mounting said members on an articulator.

WO11045680A discloses a dental articulator for position-
ing the arcades without the use of plaster, being character-
ized by a equipment that includes a support structure (1), a
superior positioning/repositioning set (2) an inferior posi-
tiomng/repositioning set (2a), tilting sets (17, 17a), a lateral-
frontal motion set (80), arm movement (9), support plates of
plaster models of the arches (3), protractor (4), horizontal
rod (5), a positioning/repositioning set of the arc (7) and
stem with bite fork (8), the support structure (1) comprises
a cover (10), supported on two lateral structures (13) which
in turn are supported throughout the lower base (12) and the
whole of the lower base (12) comprises means for mandibu-
lar movement.

US2010191510A discloses that tooth models can be
designed 1n a virtual manner starting with a first virtual
model, and then adding to this model, 1n a virtual sense (1.¢.,
within the computer environment of computer system 260 or
another computer system), virtual representations of the
mounting blocks 30, the particular geometry of each mount-
ing block being designed such as to displace and/or rotate
the first virtual model 1 up to si1x degrees of freedom so that
the cusp tip plane thereof 1s in the correct relationship to the
hinge axis AH when mounted to a geometry as defined by
the arms, hinge and mounting arrangement 60 of the par-
ticular articulator 10.

It remains a problem to provide a method and system for
virtually designing the arrangement of a dental model 1n an
articulator by means of spacer elements.

SUMMARY

Disclosed 1s a method of virtually designing the attach-
ment of a manufactured dental model of a patient’s set of
teeth 1n a physical dental articulator by means of one or more
kinds of spacer elements, where the method comprises:

obtaining a virtual 3D dental model of the patient’s set of

teeth, where the virtual 3D dental model 1s provided by
means of 3D scanning;

providing a virtual dental articulator type corresponding

to a physical dental articulator, where the dental articu-
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lator comprises an upper and a lower arm and has a
known articulator height, which 1s the distance between
the upper arm and the lower arm 1n the static position
of the dental articulator;
providing a minimum height of the dental model, where
the height of the dental model 1s the height of an upper
part and the height of a lower part of the dental model;

providing one or more kinds of virtual spacer elements
with predetermined heights, where each kind of virtual
spacer element corresponds to a physical spacer ele-
ment;

determining a manufacture height of the dental model and

determining the number of each of the kinds of spacer
clements to be used for the attachment of the manu-
factured dental model 1n the physical articulator,

such that the manufacture height of the dental model and
the total eflective spacer element height, which 1s the added
height of the determined spacer elements, equal the articu-
lator height, and where the manufacture height of the dental
model 1s not less than the minimum height of the dental
model.

Consequently, 1t 1s an advantage that the height of the
dental model and the number of each kind of spacer ele-
ments are determined such that the height of the manufac-
tured dental model 1s adapted to be minimized in the
manufacturing process, while ensuring that the height of the
manufactured dental model and the total effective height of
the number of each kind of spacer elements equal the height
between the upper arm and the lower arm of the dental
articulator.

Furthermore, 1t 1s an advantage that an optimal height of
the dental model can be determined such that the height of
the model base can be minimized for reducing the amount of
material to be manufactured when producing the dental
model. IT the manufacturing of the dental model 1s by means
of printing, the printing material can be reduced, which 1s an
advantage, because the printing material 1s expensive. If the
manufacturing 1s by means of milling, the thickness of the
blank can be reduced, so that both the material usage can be
reduced and time and money can be saved since as little
material as possible should be milled out of the blank, when
the height of the dental 1s minimized, and milling 1s both
time-consuming and therefore expensive.

Furthermore 1t 1s an advantage that an optimal number of
cach kind of the one or more spacer clements can be
determined, such that when combining the determined one
or more spacer e¢lements and the determined manufacture
height of the manufactured dental model, the manufactured
dental model 1s suitable for attachment 1n any type of or any
brand of physical dental articulators, while the production of
the dental model requires as little manufacturing as possible.

Furthermore 1t 1s an advantage that gypsum 1s not needed
for attaching the dental model, because the dental model can
be attached exclusively by means of spacer elements instead,
since the height of the dental model and the total effective
height of the determined spacer elements equal the height of
the dental articulator, which 1s the distance between the
upper arm and the lower arm of the dental articulator.
However, gypsum may still be used together with the spacer
clements, such that less spacer elements are required for
attaching the dental model on the articulator, 11 the user
prefers also using gypsum.

A dental model may for example have a height of 30 mm.
If the height can be reduced, printing material can be
reduced. Just a few millimeters reduction in height of the
dental model, can be a great advantage when printing a
dental model, both 1n terms of material savings and time
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savings, and 1t 1s therefore a cost advantage to reduce the
height or thickness of the dental model.

A spacer element may for example have a height of 5 mm,
so 1f the height of the dental model can be reduced with 5
mm, then an additional spacer element can be used for the
attachment of the dental model whereby manufacturing
material for the dental model 1s reduced. The spacer ele-
ments will typically be pre-manufactured, reusable ele-
ments, which 1s used again and again with different dental
models. So there will be no extra cost for the dental lab when
using more spacer elements for attaching the dental model in
the articulator, since the dental lab will typically have a
number of spacer elements available.

If the spacer elements are produced for the specific dental
model, such as spacer elements with inclined surfaces with
a specific angle for retaining a dental model which 1s to be
arranged with the specific angle relative to the horizontal
plane of the articulator, then the spacer elements may be
produced 1n a cheaper material than the material of the
dental model, or the spacer elements may be produced by a
taster method than the method for producing the dental
model, and 1t will thus also be an advantage to reduce the
height and the material use of the dental model, because the
production of a high spacer element or of many spacer
clements may still be cheaper than the production of a higher
dental model.

In the case where the spacer elements can be produced for
the specific dental model, the predetermined heights of the
spacer elements can be any height with the manufacture
precision or accuracy in height which 1s possible for the
machine which shall manufacture the spacer elements. Some
machines may for example have an accuracy in height of the
produced 1tems, which 1s 2 mm, 1.0 mm, 0.50 mm or the
like. The predetermined height of a spacer element can then
be 14 mm, 14.0 mm, 14.00 mm etc.

The articulator height i1s the distance between the upper
and lower arm of the articulator. The distance may be the
internal distance, 1.e. the shortest distance between the arms,
such as the distance from the side of one of the arms pointing
towards the closest side of the other arm.

The eflective total height of the spacer elements 1s such
that the determined spacer elements retain the dental model
in the articulator.

Thus the effective total height of the spacer elements 1s
configured for retaining or securing the dental model 1n the
articulator, because the eflective total height of the spacer
clements corresponds to the difference between the articu-
lator height and the manufacture height of the dental model.

Thus the total effective height of the spacer elements
causes that the dental model 1s retamned by the spacer
elements 1n the articulator, because the distance between the
articulator arms, which 1s the articulator height, subtracted
the height of the dental model 1s equal to the effective spacer
clement height.

Thus 1n some embodiments the eflective height of the
spacer elements 1s the height of the spacer elements which
1s configured for retaining the manufactured dental model 1n
the articulator.

The upper part of the dental model represents the patient’s
upper jaw/teeth and the lower part of the dental model
represents the patient’s lower jaw/teeth.

The upper part of the manufactured dental model 1s
adapted to be connected to the upper arm of the physical
dental articulator, and the lower part of the manufactured
dental model 1s adapted to be connected to the lower arm of
the physical dental articulator.
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Scanning an object 1n a 3D scanner for obtaining a three
dimensional representation of the surface of the object can
also be denoted 3D modeling, which 1s the process of
developing a mathematical representation of the three-di-
mensional surface of the object via specialized software. The
virtual or digital product may be called a 3D model. A 3D
model represents the 3D object using a collection of points
in 3D space, connected by various geometric entities such as
triangles, lines, curved surfaces, etc. The purpose of a 3D
scanner 1s usually to create a point cloud of geometric
samples on the surface of the object.

3D scanners collect distance information about surfaces
within 1ts field of view. The *“picture” produced by a 3D
scanner describes the distance to a surface at each point 1n
the picture.

Determination of the Manufacture Height of the Dental
Model and Spacer Elements

In some embodiments determining the manufacture
height of the dental model and determining the number of
cach of the kinds of spacer elements to be used for the
attachment of the manufactured dental model 1n the physical
articulator comprises:

determining if any combination of spacer elements pro-

vides the difference between the articulator height and

the minimum height of the dental model;

if yes, then the difference between the articulator height
and the minimum height of the dental model 1s the
total eflective spacer element height, and the manu-
facture height of the dental model 1s equal to the
mimmum height of the dental model;

if no, then based on the predetermined heights of the
one or more kinds of spacer elements determine a
possible total eflective spacer elements height, and
then determine the manufacture height of the dental
model as the difference between the articulator
height and the possible total eflective spacer ele-
ments height, whereby the manufacture height of the

dental model 1s larger than the minimum height of
the dental model.

It 1s an advantage to determine whether any combination
of spacer elements provides the difference between the
articulator height and the minimum height of the dental
model, because since the spacer elements have predeter-
mined heights, then the height of the dental model should be
adjusted to fit the steps which the height of the spacer
clements can be modified . Thus 1f the smallest spacer
clement height 1s 1 mm high, and 0.5 mm 1s still needed for
filling out the rest of the space between the dental model and
the articulator after already having added one or more spacer
clements, then no more spacer elements can be added, since
this would make the total eflective spacer element height 0.5
mm to high. The solution can then be to design the dental
model to be 0.5 mm higher instead. Alternatively it the
dental model can be manufactured to be 0.5 mm lower, then
the dental model should be manufactured 0.5 mm lower and
then the spacer element with a height of 1 mm can be used
also.

The dental model may be manufactured by a digital 3D
manufacturing technique such as printing, milling, sintering
ctc. For example when printing a dental model, there may
also be restrictions 1n the height of the dental model since the
printing of the model may comprise adding layers of mate-
rial, and 11 a layer has a minimum thickness, then this may
also be taken into consideration and accounted for when
designing the height of the dental model and the total
ellective height of the dental model.
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In some embodiments the manufacture height of the
dental model and the total effective spacer element height
are determined by an iterative process, where the manufac-
ture height of the dental model and the total eflective spacer
clement height are alternately adjusted in steps.

It 1s an advantage that for each adjusted total effective
spacer element height, the computer software or the opera-
tor/user may test whether any combination of the individual
spacer elements with the predetermined heights can provide
the adjusted total spacer element height. If no combination
ol spacer elements satisiy the selected total effective spacer
clements height, then a new total effective spacer elements
height can be selected and tested etc.

Total Effective Spacer Element Height

In some embodiments a number of different possible total
cllective spacer element heights are determined based on the
predetermined heights of the spacer elements.

The different possible total eflective spacer elements
heights can for example be determined before the method 1s
performed, so that the possible total spacer elements heights
are known 1n advance and does not need to be calculated at
the same time as the method 1s performed. 11 there are many
different spacer elements heights, then the combination
options are many, and 1t may take time to calculate all of
them.

In some embodiments the highest possible total effective
spacer element height 1s selected.

It 1s an advantage to select the highest possible total
cllective spacer element height, because then the manufac-
ture height of the dental model will be the smallest possible.
Manufacture Height of Dental Model

In some embodiments the manufacture height of the
dental model 1s configured to be determined by the manu-
facture method which 1s used for manufacturing the dental
model.

It 1s an advantage because for example if the dental model
1s manufactured by means of 3D printing, the layer height
which the dental model 1s printed 1n, may be a part of the
determination of the manufacture height of the dental model,
since the dental model may only be printed 1n certain heights
corresponding to the layer height.

Likewise 11 the dental model 1s manufactured by milling
a blank, the blanks may be produced 1n certain heights, and
it may then be an advantage that the manufacture height of
the dental model fit or match the possible heights of the
blank. The manufacture height of the dental model may then
be equal to the height of the blank, so that as little material
should be milled away from the blank. Since a dental model
will have the shape of teeth, which are not flat but curved
and irregular, the height of the model will vary at different
points on the surface, and thus the height 1s not constant for
the entire dental model. The highest point on the dental
model may define the height of the dental model. In case of
milling, the highest point on the dental model may corre-
spond to the height or thickness of the blank.

In some embodiments the total effective spacer element
height 1s determined such that the manufacture height of the
dental model 1s as close to the minimum height of the dental
model as possible.

In some embodiments the manufacture height of the
dental 1s determined such that the manufacture height 1s as
close as possible to the minimum height of the dental model.

It 1s an advantage that the manufacture height 1s as close
as possible to the mimmum height, since hereby as little
material as possible 1s used when printing the dental model
or as little material as possible should be milled away when
milling the dental model from a blank.
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In some embodiments the manufacture height of the
dental model 1s determined such that the manufacture of the
dental model 1s configured to require as little material use as
possible.

It 1s an advantage that as little material as possible 1s
required for the manufacture of the dental model, as this wall
save cost, manufacturing time etc.

In some embodiments the manufacture height of the
dental model 1s determined such that the manufacture of the
dental model 1s configured to be performed as quickly as
possible.

It 1s an advantage, since this will save manufacturing
time.

Orientation of Dental Model

In some embodiments the method comprises providing
the orientation of the 3D virtual dental model 1n the virtual
articulator corresponding to the orientation which the manu-
factured dental model 1s mntended to be arranged with in the
physical dental articulator. The 3D virtual dental model may
then be arranged 1n the virtual articulator according to the
orientation which the manufactured dental model 1s intended
to be arranged with in the physical dental articulator.

It 1s an advantage that the orientation of the 3D virtual
model 1s provided, such that the virtual orientation of the 3D
model 1n the virtual articulator corresponds to the physical
orientation that the 3D manufactured model 1s mtended to
have 1n the physical articulator, since hereby the orientation
of the 3D model may correspond to the patient’s actual
mouth, jaw and bite anatomy or physiology, and this 1s an
advantage when the occlusion of the patient shall be tested
or checked 1n the articulator.

In some embodiments the orientation of the 3D virtual
dental model 1n the articulator comprises the angle of the
occlusion plane of the 3D virtual dental model relative to the
horizontal plane 1n the virtual dental articulator correspond-
ing to the angle of the occlusion plane of the manufactured
dental model relative to the horizontal plane of the physical
dental articulator which the manufactured dental model 1s
intended to be arranged with 1n the physical dental articu-
lator.

It 1s an advantage since the angle of the occlusion plane
of the 3D dental model relative to the horizontal plane of the
dental articulator may determine the orientation of the 3D
dental model 1n the articulator.

Alternatively this may be described as the angle of the
occlusion plane of the 3D virtual dental model relative to the
horizontal plane of the virtual articulator.

The occlusal plane may be defined as a plane passing
through the occlusal or biting surfaces of the teeth, and 1t
may represent the mean of the curvature of the occlusal
surface. Occlusal plane may also be called biteplane.

In some embodiments the method comprises that 1t the
angle of the occlusal plane of the dental model 1s corre-
sponding to the horizontal plane of the articulator, the dental
model 1s arranged with no inclination 1n the articulator, and
the total effective height of the spacer elements 1s then the
actual height of the spacer elements when arranged for
retaining the dental model 1n the articulator.

This discloses the situation where the angle of occlusal
plane 1s horizontal, 1.e. with no inclination or no angle
relative to the horizontal. Some patient’s may really have
this angle of the occlusal plane, or this angle may be selected
by the dentist and/or by the dental technician and/or by the
type of articulator used, as 1t may be easy to use a horizontal
occlusal plane instead of using an inclined occlusal plane.

In the cases where the angle of the occlusal plane of the
dental model 1s different from the horizontal plane of the
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articulator, the dental model 1s arranged with an 1nclination
in the articulator, and the total effective height of the spacer
clements may be calculated as the actual height of the
rectangular shaped spacer elements and as the added height
of triangular shaped spacer elements when these are
arranged 1n space to form a rectangular shaped unit. Deter-
mimng the manufacture height of the dental model and the
number of each of the kinds of spacer elements to be used
for the attachment of the dental model 1n the physical
articulator should then be based on a projected height of the
dental model, which is the projection of the height onto a
vertical axis of the dental articulator.

If some of the spacer elements comprise an inclined side
such as a triangular shaped spacer element for attaching a
dental model 1n the articulator with an inclination, then there
may be two triangular shaped spacer elements, one for each
part of the dental model, and the effective height of the two
triangular shaped spacer elements may be the height
obtained when the two triangular shaped spacer elements are
arranged together as a rectangular box, e.g. 1t may be height
of the highest of the two triangular shaped spacer elements,
and/or 1t may be half the height of one of the triangular
shaped spacer elements plus half the height of the other
triangular shaped spacer element.

Thus 1n cases where there are two spacer elements with an
inclined surface the height of the two spacer elements may
be the same, and 1n this case only the height of one of the
spacer elements 1s included 1n the total effective height of the
spacer elements, or half the height of both inclined spacer
clements may be included 1n the total effective height of the
spacer elements. If the spacer elements comprise pins, then
the effective height of the pins may be the highest column of
pins for each of the two parts of the dental model, 1.e. both
the highest column of pins arranged 1n relation to the lower
part of the dental model plus the highest column of pins
arranged 1n relation to the upper part of the dental model.

Thus no matter how the shape, size, direction or spacious
or spatially arrangement of the individual spacer elements
are, the total eflective height of the spacer elements 1s the
height or distance or extent which the spacer elements are
arranged 1n and which retains the dental model in the
articulator when the articulator 1s 1n 1ts static position, 1.e.
when the articulator 1s closed and the two jaws or upper and
lower part of the dental model touches each other.
Stability of Dental Model

In some embodiments the minimum height of the dental
model 1s determined based on stability criteria.

It 1s an advantage that the mimimum height of the dental
model 1s determined taking stability criteria into account,
because there may be a lower limit for how low the dental
model or one or both of the parts of the dental model may
be, when the dental model or one or both of the parts should
remain stable and robust.

In some embodiments the minimum height of the dental
model 1s determined based on the type of preparation and/or
based on the type of pin on the tooth preparation die and/or
based on the support means fixing the tooth preparation die
in the manufactured dental model.

It 1s an advantage because 1n order to obtain e.g. stability
of the prepared tooth/teeth die 1n the dental model, the length
of the die which may comprise the length of a potential base
pin on the die extending into the base of the dental model,
should maybe be of a certain length and/or width, such that
the preparation die tooth can be firmly arranged 1n the dental
model. I the die itself or the pin of the die 1s too short or too
narrow, the die may not be able to be stable enough 1n the
dental model. Therefore there may be a minimal height
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which the die and thereby the dental model can have 1n order
for obtaining stability of the die 1n the dental model. In
contrast to this, the antagonist can have a very low height
compared to the part of the dental model where a die 1s
present, 1f there 1s no preparation die teeth 1n the antagonist.
Articulator Type/Brand

In some embodiments the virtual dental articulator 1s
provided by selection from a number of different dental
articulator brands or types, and the selected dental articulator
comprises a virtual version and a physical version.

It 1s an advantage that different articulator types or brands
can be used, because the different articulator types may
comprise different dimensions, different sizes, different
heights between the arms 1n the articulator, different settings,
different angles i1n the diflerent joints etc. The difierent
articulator types and brand may for example be KaVo
articulators, SAM articulators, Denar articulators etc.
Gypsum

In some embodiments the attachment of the dental model
in the articulator 1s designed such that no gypsum or plaster
material 1s used for the attachment.

It 1s an advantage that the dental model, 1.e. the upper part
and the lower part of the dental model, can be attached 1n the
articulator using no gypsum or similar attachment materal,
since this will provide that the use of gypsum can be
climinated, and the laboratory can be free of gypsum, 1t will
not be a dirty job with gypsum all over the place when the
dental model 1s attached in the articulator, etc.

Definition of Height of Model

In some embodiments the height of the upper part and/or
lower part of the dental model 1s defined as the maximum
distance between the 1nsical edge and/or occlusal edge of the
teeth 1n the upper part and/or lower part of the dental model,
respectively, and the part of the base of the upper part and/or
lower part of the dental model, respectively, which 1s most
far away from the incisal edge and/or occlusal edge of the
teeth 1n the upper part and/or lower part of the dental model,
respectively.

In some embodiments the height of the dental model 1s the
height of the lower part plus the height of the upper part of
the dental model.

In some embodiments the height of the dental model 1s the
height of the lower part plus the height of the upper part of
the dental model, when the upper part and the lower part are
arranged 1n static occlusion.

In some embodiments the height of the dental model 1s
determined with the upper part and the lower part arranged
in static occlusion.

Thus the height of the dental model may be less than the
height of the upper part plus the height of the lower part, 1
the shapes of the teeth 1n the two parts have corresponding
cusps and sulcuses such that the upper part and the lower
part can be positioned 1 each others projections and
grooves, or 1f the patient has an underhung jaw, has overbite
and/or has protruding front teeth.

Spacer Elements

In some embodiments the spacer elements comprises one
or more plates, one or more vertical pins, one or more
triangular shaped blocks, one or more blocks with an 1ncli-
nation side, and/or one or more tripods with individually
adjustable height of each the three legs of the tripod.

In some embodiments a spacer element 1s adapted to be
mounted as a lower spacer element and/or as an upper spacer
clement.

The lower spacer element may be used to attach the lower
part of the dental model to the lower arm of the articulator.
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The upper spacer element may be used to attach the upper

part of the dental model to the upper arm of the articulator.
In some embodiments the spacer elements are standard

spacer elements from a manufacturer of spacer elements.

In some embodiments one or more of the spacer elements
1s defined as a base element.

The base element may be an element connecting the
spacer element(s) with the arms of the articulator.

In some embodiments the one or more spacer elements
are adapted to be reusable.

In some embodiments one or more of the spacer elements
are adapted to be manufactured for the specific dental model.

In this way a spacer element with an inclined side may be
manufactured for the dental model, if for example the dental
model 1s mtended to be arranged in the articulator with an
angle relative to the horizontal plane. By manufacturing a
spacer element for the specific dental model case, 1t may be
casy to obtain the correct angle of the dental model 1n the
articulator. The spacer element may then be manufactured 1n
a cheaper maternial than the dental model or may be manu-
tactured by a faster and/or cheaper manufacturing method
than the dental model.

Manufacturing of Spacer Elements and/or Dental Model

In some embodiments the one or more spacer elements
and the dental model are adapted to be manufactured sepa-
rately.

Thus 1f one or more of the spacer elements are adapted to
be manufactured for the attachment of the specific dental
model, then the spacer element(s) and the dental model may
be manufactured separately, for example using diflerent
manufacturing materials, and manufacturing time may be
saved.

In some embodiments the one or more spacer elements
and the dental model are adapted to be manufactured jointly.

Thus 1f one or more of the spacer elements are adapted to
be manufactured for the attachment of the specific dental
model, then the spacer element(s) and the dental model may
be manufactured jointly, for example if the spacer element(s)
and the dental model are manufactured in the same material,
then the spacer element(s) and the upper part and/or lower
part of the dental model may be manufactured as one piece,

or manufactured as two or more pieces, also for example 1f

the materials of the dental model and the spacer elements(s)
are not the same. The spacer element(s) and the dental model
may be manufactured jointly in different materials, 1f the
manufacturing machine provides the possibility of doing
this.

In some embodiments the manufactured dental model 1s
adapted to be manufactured by means of direct digital
manufacturing.

Direct digital manufacturing may be termed computer
controlled manufacturing, rapid prototyping manufacturing,
computer aided manufacturing (CAM) etc. CAM may be a
numerical control (NC) programming tool, wherein two-
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In some embodiments the dental model 1s adapted to be
manufactured by means of milling.

In some embodiments the dental model 1s adapted to be
manufactured by means of laser sintering.

Milling and laser sintering are examples of subtractive
tabrication.

Library

In some embodiments one or more of the virtual spacer
clements are adapted to be selected from a digital library of
spacer elements in different shapes, forms and sizes.
Positioning of Model 1n Articulator

In some embodiments the orientation of the 3D virtual
dental model 1n the dental articulator i1s provided from a
facebow measurement and/or from an x-ray scan and/or
from a CT scan of the patient and/or from a maid-value
measurement or estimate.

It 1s an advantage that i1 the orientation of the 3D virtual
model should be precise and accurate and reproduce the
patient’s actual anatomy and physiology, then a facebow
measurement of the patient’s face and jaw movements and
bite and occlusion parameters may be performed. The
parameters of the patient may also be dertved from an x-ray
or C1 scan.

Alternatively, 11 no facebow data or x-ray or CT data are
available or 11 the orientation of the dental model should not
be determined precisely, then a mid-value estimate may be
used.

Dental Preparation

In some embodiments one or more teeth 1n the dental
model have been prepared for attachment of a dental resto-
ration, such as a crown or a bridge.

Typically a dental model 1s produced and tested in an
articulator 11 a restoration 1s made on the patient’s teeth, 1f
an 1mplant 1s made, 1 a denture 1s made, and/or 1f an
orthodontic treatment 1s planned.

Designing Dental Restoration

In some embodiments the method comprises designing a
dental restoration for a preparation in the dental model of the
patient’s set of teeth.

The restoration may be designed betfore the dental model
1s manufactured, such that the restoration 1s also manufac-
tured as part of the manufacturing process. The dental model
and the restoration may be manufactured separately or
jointly.

In some embodiments the method comprises designing
the restoration for the dental model in accordance with the
occlusion of the dental model tested 1n the articulator.

In the articulator both dynamaic and static occlusion of the
patient’s set of teeth may be tested.

Connecting Flements

In some embodiments the one or more spacer elements
and/or the upper part and/or lower part of the dental model
comprises one or more connecting elements for connecting
the spacer elements together and/or for connecting the upper
part of the dental model with a spacer element and/or for
connecting the lower part of the dental model with a spacer
clement.

In some embodiments the connecting elements are shaped
as protrusions and holes, such that a protrusion 1n a first
spacer element and/or 1n the upper part and/or lower part of
the dental model connects with an opposite hole 1n a second
spacer element and/or 1n the lower part and/or upper part of
the dental model, respectively.

Connecting elements 1n the form of for example protru-
sions and holes may also be used to attach spacer elements
to the upper arm and lower arm of the articulator. Connect-
ing elements in the spacer elements, 1n the upper part and/or
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lower part of the dental model and/or 1n the upper arm or
lower arm of the articulator may have any structure or
function suitable for connecting components together.

Alternatively and/or additionally, the connection of the
dental model with the spacer elements and/or the connection
ol a spacer element with other spacer elements and/or the
connection of the upper arm and/or lower arm of the
articulator with spacer elements can be performed by means
of glue, tape, other kinds of sticking materials, by using a
plastic material for at least parts of the spacer elements
and/or of the dental model and/or the upper arm or lower
arm of the articulator, where the plastic material becomes
adhesive when melting 1t eftc.

In some embodiments the upper and lower spacer ele-
ments are adapted to be attached to gypsum for attaching the
dental model 1n the articulator using said gypsum.

Gypsum may then be used to attach the lower spacer
clement to the lower arm of the articulator and/or to attach
the lower spacer element to the lower part of the dental
model. Likewise, gypsum may be used to attach the upper
spacer element to the upper arm of the articulator and/or to
attach the upper spacer element to the upper part of the
dental model.

Scanning Means

In some embodiments the 3D scanning 1s intra oral
scanning of at least part of the patient’s set of teeth, and/or
scanning of at least part of an impression of the patient’s set
of teeth, and/or scanming of at least part of a model of the
patient’s set of teeth.

In some embodiments the 3D scanning 1s performed by
means of laser light scanning, white light scanning, probe-
scanning, X-ray scanning, and/or C'T scanning.

The present invention relates to different aspects 1nclud-
ing the method described above and 1n the following, and
corresponding methods, devices, kits, apparatuses, systems,
uses and/or product means, each yielding one or more of the
benefits and advantages described in connection with the
first mentioned aspect, and each having one or more embodi-
ments corresponding to the embodiments described in con-
nection with the first mentioned aspect and/or disclosed in
the appended claims.

In particular, disclosed herein 1s a system for virtually
designing the attachment of a manufactured dental model of
a patient’s set of teeth 1 a physical dental articulator by
means ol one or more kinds of spacer elements, where the
system comprises:

means for obtamming a virtual 3D dental model of the

patient’s set of teeth, where the virtual 3D dental model
1s provided by means of 3D scanning;

means for providing a virtual dental articulator type

corresponding to a physical dental articulator, where
the dental articulator comprises an upper arm and a
lower arm and has a known articulator height, which 1s
the distance between the upper arm and the lower arm
in the static position of the dental articulator;

means for providing a minimum height of the dental

model, where the height of the dental model 1s the
height of an upper part and the height of a lower part
of the dental model;

means for providing one or more kinds of virtual spacer

clements with predetermined heights, where each kind
of virtual spacer element corresponds to a physical
spacer element;

means for determining a manufacture height of the dental

model and means for determining the number of each
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of the kinds of spacer elements to be used for the
attachment of the manufactured dental model in the
physical articulator,

such that the manufacture height of the dental model and
the total eflective spacer element height, which 1s the added
height of the determined spacer elements, equal the articu-
lator height, and where the manufacture height of the dental
model 1s not less than the minimum height of the dental
model.

Disclosed 1s a system comprising a nontransitory com-
puter readable medium having one or more computer
instructions stored thereon, where said computer instruc-
tions comprises structions for carrying out a method for
virtually designing the attachment of a manufactured dental
model of a patient’s set of teeth in a physical dental
articulator by means of one or more kinds of spacer ele-
ments, where the method comprises:

obtaining a virtual 3D dental model of the patient’s set of

teeth, where the virtual 3D dental model 1s provided by
means of 3D scanning;;
providing a virtual dental articulator type corresponding
to a physical dental articulator, where the dental articu-
lator has a known articulator height, which i1s the
distance between the upper arm and the lower arm of
the articulator in the static position;
providing a minimum height of the dental model, where
the height of the dental model 1s the height of an upper
part and the height of a lower part of the dental model;

providing one or more kinds of virtual spacer elements
with predetermined heights, where each kind of virtual
spacer element corresponds to a physical spacer ele-
ment,

determining a manufacture height of the dental model and

determining the number of each of the kinds of spacer
clements to be used for the attachment of the manu-
factured dental model in the physical articulator,

such that the manufacture height of the dental model and
the total effective spacer element height, which 1s the added
height of the determined spacer elements, equal the articu-
lator height, and where the manufacture height of the dental
model 1s not less than the minimum height of the dental
model.

Furthermore, in particular, disclosed herein 1s a kit for the
attachment of a manufactured dental model of a patient’s set
of teeth 1n a physical dental articulator by means of s one or
more kinds of pacer elements, where the kit comprises:

a computer system comprising:

means for obtaining/displaying/comprising a virtual 3D
dental model of the patient’s set of teeth, where the
virtual 3D dental model 1s provided by means of 3D
scanning;

means for providing/displaying/comprising a virtual
dental articulator type having a corresponding physi-
cal dental articulator, where the dental articulator
comprises an upper arm and a lower arm and has a
known articulator height, which 1s the distance
between the upper arm and the lower arm 1n the static
position of the dental articulator;

means for providing/comprising a minimum height of
the dental model, where the height of the dental
model 1s the height of an upper part and the height of
a lower part of the dental model;

means for providing/displaying/comprising one or
more kinds of virtual spacer elements with predeter-
mined heights, where each kind of virtual spacer
clement has a corresponding physical spacer ele-
ment;
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means for determining a manufacture height of the
dental model and determining the number of each of
the kinds of spacer elements to be used for the
attachment of the manufactured dental model 1n the
physical articulator,

such that the manufacture height of the dental model
and the total eflective spacer element height, which
1s the added height of the determined spacer ele-
ments, equal the articulator height, and where the
manufacture height of the dental model 1s not less
than the minimum height of the dental model.

one or more kinds of physical spacer elements with

predetermined heights corresponding to the one or
more virtual spacer elements.

Furthermore, the kit may further comprise a physical
dental articulator corresponding to the virtual dental articu-
lator.

Furthermore, the invention relates to a computer program
product comprising program code means for causing a data
processing system to perform the method according to any
of the embodiments, when said program code means are
executed on the data processing system, and a computer
program product, comprising a computer-readable medium
having stored there on the program code means.

According to an aspect of the invention, disclosed i1s a
method of virtually planning/designing/arranging the attach-
ment of a manufactured dental model of a patient’s set of
teeth 1n a physical dental articulator, where the method
COmMprises:

obtaining a virtual 3D dental model of the patient’s set of

teeth, where the virtual 3D dental model 1s provided by
means of 3D scanning;

providing a virtual dental articulator type or brand having

a corresponding physical dental articulator, where the
dental articulator comprises an upper arm and a lower
arm and has a known distance between the upper arm
and the lower arm 1n the static position of the dental
articulator;

setting or providing the orientation of the 3D wirtual

dental model 1n the virtual articulator corresponding to
the orientation which the manufactured dental model 1s
intended to be arranged with 1n the physical dental
articulator;

providing an 1nitial height of the 3D virtual dental model;

calculating an 1mtial total eflective spacer elements

height, where the total eflective height of the spacer
clements 1s the added height of all the spacer elements
used for attaching the dental model 1n the articulator;
such that the height of the dental model and the total
cllective height of the spacer elements equal the height/
distance between the upper arm and the lower arm of
the dental articulator, whereby the manufactured dental
model 1s adapted to be attached between the upper arm
and the lower arm 1n the physical articulator by means
of the one or more kinds of spacer elements;
providing one or more Kinds of virtual spacer elements
with predetermined heights, where each kind of virtual
spacer element has a corresponding physical spacer
element:;
determining 1 any combination and/or number of the
different kinds of spacer elements provides the initial
total eflective spacer element height;
if no combination and/or number of the diflerent kinds of
spacer elements provides the mnitial total effective
spacer element height, then:
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calculate an adjusted total effective spacer elements
height, which 1s possible to obtain using the spacer
elements; and
calculate an adjusted dental model height, such that the
adjusted dental model height and the adjusted total
ellective spacer element height equal the distance
between the upper arm and the lower arm of the
dental articulator.

According to an aspect of the mvention, disclosed 1s a
method of virtually planning/designing/arranging the attach-
ment of a manufactured dental model of a patient’s set of
teeth 1 a physical dental articulator, where the method

COmprises:
obtaining a virtual 3D dental model of the patient’s set of

teeth, where the virtual 3D dental model 1s provided by

means of 3D scanning;;

providing a virtual dental articulator type or brand having
a corresponding physical dental articulator, where the
dental articulator comprises an upper arm and a lower
arm and has a known distance between the upper arm
and the lower arm 1n the static position of the dental
articulator:

setting or providing the orientation of the 3D wvirtual

dental model in the virtual articulator corresponding to
the orientation which the manufactured dental model 1s
intended to be arranged with 1n the physical dental
articulator:;

providing one or more kinds of virtual spacer elements,

where each kind of virtual spacer element has a corre-
sponding physical spacer element;

providing an adjustable height of the dental model, where

the height of the dental model 1s the height of a lower
part and an upper part of the dental model;

providing an adjustable total eflective height of the spacer

clements; where the total eflective height of the spacer
clements 1s the added height of all the spacer elements
when arranged for attaching the dental model 1n the
articulator:

determiming the height of the dental model to be manu-

factured; and

determiming the number of each kind of spacer elements

to be used when attaching the dental model 1 the
physical articulator,

whereby the manufactured dental model 1s adapted to be
attached between the upper arm and the lower arm 1n the
physical articulator by means of the one or more kinds of
spacer elements, such that the height of the dental model and
the total effective height of the spacer elements equal the
height/distance between the upper arm and the lower arm of
the dental articulator.

According to an aspect of the mvention, disclosed 1s a
method for mounting a physical teeth model 1n articulator
without using gypsum, where the method 1s suitable for
mounting teeth models, upper and lower, where the occlu-
sion plane 1s adapted to have any angle relative to the
horizontal plane 1n the dental articulator, such that the model
1s adapted to be arranged with an angle relative to the
horizontal plane, where 1n:

the teeth models are printed with a base such that the

model and the base can be directly inserted in articu-
lator without using gypsum; or

at least one of the teeth models 1s printed and a base and/or

interface block 1s printed separately, the teeth models
and the base and/or interface block are then attached
together and arranged 1n articulator without using gyp-
sum; or
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at least one of the teeth models 1s printed and one or more
standard plates/blocks are used in a suitable combina-
tion for arranging the teeth models correct i the
articulator.

According to an aspect of the invention, disclosed i1s a
method for virtually modeling the attachment of a physical
model of a set of teeth 1 an articulator, comprising:

obtaining a virtual 3D model of the set of teeth based on

a virtual 3D representation of the set of teeth;
virtually modeling attachment means for the attachment
of the physical model of the set of teeth to a physical
articulator;
wherein the attachment means are modeled such that the
physical model of the set of teeth can be attached to the
physical articulator without using gypsum.

Disclosed 1s a method of virtually planning/designing/
arranging the attachment of a manufactured dental model of
a patient’s set of teeth 1n a physical dental articulator, where
the manufactured dental model 1s adapted to be attached
between an upper arm and a lower arm in the physical
articulator by means of the one or more kinds of spacer
clements, where the method comprises:

obtaining a virtual 3D dental model of the patient’s set of

teeth, where the virtual 3D dental model 1s provided by
means of 3D scanning;
providing a virtual dental articulator type having a cor-
responding physical dental articulator, where the dental
articulator comprises an upper arm and a lower arm and
has a known distance between the upper arm and the
lower arm 1n the static position of the dental articulator;

setting or providing the orientation of the 3D wirtual
dental model 1n the virtual articulator corresponding to
the orientation which the manufactured dental model 1s
intended to be arranged with 1 the physical dental
articulator:
providing one or more kinds of virtual spacer elements,
where each kind of virtual spacer element has a corre-
sponding physical spacer element for use when attach-
ing the dental model 1n the physical articulator;

determining a total effective height of the spacer elements
and a corresponding height of the dental model to be
manufactured, where the determined height of the
dental model and the determined total eflective height
of the spacer eclements together equal the distance
between the upper arm and the lower arm of the dental
articulator 1n said static position, and

determining the number of each kind of spacer elements

required to obtain the total eflective height of the spacer
clements

where the total eflective height of the spacer elements 1s
the added height of all the spacer elements when arranged
tor attaching the dental model 1n the articulator, and where
the height of the dental model 1s the height of a lower part
and an upper part of the dental model.

In one embodiment, the step of determining the total
cllective height of the spacer elements and a corresponding
height of the dental model to be manufactured and the step
of determiming the number of each kind of spacer elements
required to obtain the total eflective height of the spacer
clements 1s performed as one step 1n which the total eflective
height of the spacer elements the number of each kind of
spacer elements required to obtain the total effective height
are determined simultaneously.

Disclosed 1s a method of virtually designing the attach-
ment of a manufactured dental model of a patient’s set of
teeth 1n a physical dental articulator by means of spacer
clements, where the method comprises:
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providing a virtual 3D dental model of the patient’s set of
teeth, where the virtual 3D dental model 1s obtained by
means of 3D scanning;;
providing a virtual dental articulator type corresponding
to a physical dental articulator, where the dental articu-
lator has a known articulator height, which i1s the
distance between the upper arm and the lower arm of
the articulator 1n the static position;
providing a minimum height of the dental model, where
the height of the dental model 1s the height of the upper
part and the height of the lower part of the dental
model;
providing one or more kinds of virtual spacer elements
with predetermined heights, where each kind of virtual
spacer element corresponds to a physical spacer ele-
ment;
determining a manufacture height of the dental model and
determining the number of each of the kinds of spacer
clements to be used for the attachment of the manu-
factured dental model 1n the physical articulator,
such that the manufacture height of the dental model and
the total effective spacer element height, which 1s the
added/collected height of the determined spacer elements,
equal the articulator height, and where the manufacture

height of the dental model 1s not less than the minimum
height of the dental model.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or additional objects, features and advan-
tages of the present mvention, will be further elucidated by
the following 1llustrative and non-limiting detailed descrip-
tion of embodiments of the present invention, with reference
to the appended drawings, wherein:

FIG. 1 shows an example of a flowchart of a method for
virtually designing the attachment of a manufactured dental
model of a patient’s set of teeth mn a physical dental
articulator by means of one or more kinds of spacer ele-
ments.

FIG. 2 shows an example of a virtual articulator and a
virtual dental model.

FIG. 3 shows an example of a virtual articulator.

FIG. 4 shows examples of virtual articulators resembling
physical articulators form diflerent manufacturers.

FIG. 5 shows examples of setting or providing the angle
of the occlusal plane of the virtual dental model relative to
the horizontal plane 1n the virtual dental articulator.

FIG. 6 shows an example of a dental model 1n an
articulator using spacer elements.

FIG. 7 shows examples of the height of the dental model,
the total height of the spacer elements and the distance or
height between the upper and lower arm of the articulator.

FIG. 8 shows an example where the height of dental
model 1s adjusted.

FIG. 9 shows examples of arrangements of dental models,
where the dental models are arranged with an angle of the
occlusal plane relative to the horizontal plane.

FIG. 10 shows an example where the dental model 1s
attached by means of spacer elements comprising pin shaped
spacer elements having a fixed length.

FIG. 11 shows an example where the dental model 1s
attached by means of spacer elements comprising pin shaped
spacer elements having a different length.

FIG. 12 shows examples of the connection elements 1n the
dental model and the spacer elements.

FIG. 13 shows examples of different facebows.
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FIG. 14 shows a flowchart of obtaining information for
arranging the dental model 1n the physical articulator.

FIG. 15 shows a flowchart of obtaining information for
arranging the dental model 1n the physical articulator.

FIG. 16 shows a tlowchart of obtaining information for
arranging a dental model 1n a virtual articulator.

FIG. 17 shows a flowchart of obtaining information for
arranging a dental model 1n a virtual articulator.

FIG. 18 shows a flowchart of moditying the size of a
dental model such that it can be arranged 1n a desktop
scanner for scanning.

DETAILED DESCRIPTION

In the following description, reference 1s made to the
accompanying figures, which show by way of illustration
how the invention may be practiced.

FIG. 1 shows an example of a flowchart of a method for
virtually designing the attachment of a manufactured dental
model of a patient’s set of teeth 1n a physical dental
articulator by means of one or more kinds of spacer ele-
ments.

In step 101a virtual 3D dental model of the patient’s set
of teeth 1s obtained, where the virtual 3D dental model 1s
provided by means of 3D scannming.

In step 102 a virtual dental articulator type corresponding,
to a physical dental articulator 1s provided, where the dental
articulator comprises an upper arm and a lower arm and has
a known articulator height, which 1s the distance between the
upper arm and the lower arm 1n the static position of the
dental articulator.

In step 103 a minimum height of the dental model 1s
provided, where the height of the dental model 1s the height
ol an upper part and the height of a lower part of the dental
model.

In step 104 one or more kinds of virtual spacer elements
with predetermined heights i1s provided, where each kind of
virtual spacer element corresponds to a physical spacer
clement.

In step 105 a manufacture height of the dental model 1s
determined and the number of each of the kinds of spacer
clements to be used for the attachment of the manufactured
dental model 1n the physical articulator 1s determined, such
that the manufacture height of the dental model and the total
cllective spacer element height, which 1s the added height of
the determined spacer elements, equal the articulator height,
and where the manufacture height of the dental model 1s not
less than the minimum height of the dental model.

FIG. 2 shows an example of a virtual articulator and a
virtual dental model.

FIG. 2 shows a virtual articulator 208 with a virtual 3D
dental model 201 comprising a virtual upper jaw 204 with
teeth 206 and a virtual lower jaw 205 with teeth 206. Some
of the teeth 207 1n the upper jaw 204 have been or are being
restored, and the virtual articulator 208 1s used to simulate
the movements of the jaws 204, 205 ¢.g. simulating the static
occlusion and/or the dynamic occlusion to test 1f the restored
teeth 207 {it into the rest of teeth of a patient.

The virtual articulator 208 comprises setting opportunities
209, 210 for controlling the movement of the jaws 204, 205
along an occlusial axis, a laterotrusial-mediotrusial axis, a
protrusial-retrusial axis etc. The indentations 240 indicate
where the dental technician will arrange a default occlusal
plane in the form of a rubber band. The jaws 204, 205 moves
up and down along the occlusial axis, and the jaws 204, 205
performs forward-sidewards movements to both left and
right along the laterotrusial-mediotrusial axis. The jaws 204,
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205 can also perform protrusion, which i1s direct forward
movement, and retrusion, which 1s direct backward move-
ment.

The different movement directions possible may be:

protrusion;

retrusion;

laterotrusion to the right;

laterotrusion to the left;

mediotrusion to the right;

mediotrusion to the lett;

latero-re surtrusion to the right;

latero-re surtrusion to the left.

FIG. 3 shows an example of a virtual articulator.

The wvirtual articulator 1108 1s a virtual version of a
physical, mechanical device used 1n dentistry to which casts
of the upper and lower teeth are fixed and reproduces
recorded positions of the lower teeth 1n relation to the upper
teeth. An articulator can be adjustable 1n one or more of the
following areas: condylar angle, Bennett side-shift, incisal
and cuspid guidance, and shape of the glenoid fossae and
eminintiac. An articulator may reproduce normal lower
movements during chewing. An articulator may be adjusted
to accommodate the many movements and positions of the
lower teeth 1n relation to the upper teeth as recorded 1n the
mouth. Thus the wvirtual articulator may perform all the
movements etc. as the mechanical articulator.

The virtual articulator 1108 comprises a bottom base 1109
onto which the virtual model of the lower teeth or lower jaw
1s adapted to be arranged, a top base 1110 onto which the
virtual model of the upper teeth or upper jaw 1s adapted to
be arranged. The different virtual joints, slides or setting
means 1111 1ndicates the joints, slides and other settings of
a mechanical articulator where the different areas mentioned
above can be adjusted to the features of a specific patient.

FIG. 4 shows examples of virtual articulators resembling
physical articulators form different manufacturers.

FIG. 4a) shows an articulator from KaVo.

FIG. 4b) shows an articulator from SAM.

FIG. 4¢) shows an articulator from Denar.

FIG. 4d) shows the articulator from Denar with the
occlusal plane arranged relative to the virtual teeth model.

FIG. 5§ shows examples of setting or providing the angle
of the occlusal plane of the virtual dental model relative to
the horizontal plane 1n the virtual dental articulator.

The angle of the occlusion plane of the 3D virtual dental
model 501 relative to the horizontal plane of the virtual
dental articulator 508 corresponds to the angle relative to the
horizontal plane which the manufactured dental model 1s
intended to be arranged with 1n the physical dental articu-
lator.

In FIG. 3a) the angle of the occlusal plane of the virtual
dental model 501 relative to the horizontal plane of the
articulator 308 1s zero, since the occlusal plane of the virtual
dental model corresponds to the horizontal plane of the
articulator.

In FIG. 5b) the angle of the occlusion plane 503 of the
virtual dental model 1s different than the horizontal plane
502 of the articulator, such as 10 degrees, as indicated in the
extract in the lower right corner of the figure.

FIG. 6 shows an example of attaching a dental model 1n
an articulator using spacer elements.

The figure may represent both the virtual arrangement and
the physical arrangement.

The dental model 601 comprising the upper teeth or jaw
604 and the lower teeth or jaw 605 1s arranged in the
articulator 608. The occlusal plane of the dental model
corresponds to the horizontal plane of the articulator. The
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dental model 601 1s attached 1n the articulator 608 by means
of a number of spacer elements 603. The upper jaw 604 1s
attached by means of one larger spacer element 603 and the
lower jaw 603 1s attached by means of one larger spacer
clement and five smaller spacer elements 603.

FIG. 7 shows examples of the height of the dental model,
the total height of the spacer elements and the distance or
height between the upper and lower arm of the articulator.

FIG. 7a) shows an example of an arrangement corre-
sponding to FIG. 6, where the occlusal plane of the dental
model corresponds to the horizontal plane of the articulator.

The height 701 of the dental model 1s the total height of
the upper part 704 and the lower part 705 of the dental
model.

The total effective height 703 of the spacer elements 1s the
added height of each of the spacer elements 703a, 7035 and
703¢. The height 703¢ 1s the height of five smaller spacer
clements, which each could be indicated by heights 703ci,
703cii, 703ciii, 703ciiii and 703c¢iv.

The height 708 of the articulator 1s the distance between
the upper arm 708a and the lower arm 70856 of the articu-
lator.

The height 701 of the dental model and the total effective
height 703 of the spacer elements equal the height 708 of the
articulator.

In this example no gypsum or other shapeable material 1s
used for attaching the dental model 1n the articulator.

If gypsum 1s to be used, the gypsum 1s a part of the spacer
clements, and the height of the gypsum would then be
included 1n the total effective height of the spacer elements
703.

FI1G. 7b) shows an example of an arrangement, where the
occlusal plane of the dental model has an angle of for

example 10 degrees relative to the horizontal plane of the
articulator.

The height 701 of the dental model 1s the total height of
the upper part and the lower part of the dental model.

The total effective height 703 of the spacer elements 1s the
added height of each of the spacer elements 703a, 70351,
703bii, 703¢ and 703d. Because the occlusal plane of the
dental model has an angle relative to the horizontal plane of
the articulator, at least some of the spacer elements may have
an inclined side to match the angle of the occlusal plane
relative to the horizontal plane. In this case the spacer
elements 7035i and 70354ii have inclined surfaces, and since
the dental model 1s arranged with an inclination in the
articulator, only the height of the spacer element 7035 1s
included 1n the total eflective height of the spacer elements,
and the height of the spacer element 7035ii 1s not included
in the total effective height. This can be confirmed by
studying the figure.

The height 708 of the articulator 1s the distance between
the upper arm 708a and the lower arm 70856 of the articu-
lator.

The projected height 701p of the dental model onto the
vertical axis of the articulator and the total effective height
703 of the spacer elements equal the height 708 of the
articulator.

FIG. 8 shows an example where the height of dental
model 1s adjusted.

An object of the imnvention 1s to minimize the height of the
dental model such that less material 1s used for manufac-
turing the dental model. There may be a predefined minimal
possible height, which 1s a height that the dental model
cannot be lower than since a preparation die tooth in the
dental tooth may need to be a certain height for obtaining
proper stability of the preparation die tooth 1n the model.
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The antagonist, 1.e. the opposite jaw of the jaw where a
preparation die tooth 1s present, can be lower than the jaw
with the preparation die tooth as the antagonist may just fit
to the jaw with the preparation die tooth and the antagonist
may not need to satisly stability requirements.

The minimal height of the dental model may thus be
determined by the minimal possible height, which 1s deter-
mined by stability requirements of the preparation die tooth,
and by any predefined height of spacer elements. The height
of the dental model must be exactly the difference between
the articulator height and the total effective height of the
spacer elements, so 11 the spacer elements have a predefined
height, the height of the dental model may be adjusted to fit
the total eflective height of the spacer elements.

FIG. 8a)-FIG. 8f) shows how the virtual arrangement of
the virtual dental model in the virtual articulator may be
performed.

FIG. 8a) shows an example of the articulator 808.

FIG. 85) shows an example where the dental model 801
1s arranged virtually 1n the articulator 808. The angle of the
occlusion plane of the dental model relative to the horizontal
plane of the articulator may be predetermined, such as by a
facebow measurement, or the angle be a standard angle etc.
In this case the angle of the occlusion plane of the dental
model relative to the horizontal plane of the articulator 1s
zero, 1.€. the occlusion plane corresponds to horizontal plane
of the articulator.

FIG. 8¢) shows an example where a spacer element 803
1s virtually arranged 1n the articulator to 808 fix the dental
model 801 in the articulator. The spacer element 803 i1s a
high box shaped spacer element. However there 1s still a
space between the dental model 801 and the spacer element
803, so more spacer elements may be required.

FIG. 84) shows an example where more spacer elements
803 are virtually added such that the space between the
dental model 801 and the box shaped spacer element is
closed. The spacer elements 803 are in this case flat plates.

The upper part 804 of the dental model 801 has a standard
height. The upper part 804 of the dental model 801 may on
this case be the antagonist.

FIG. 8¢) shows an example where the height of the upper
part 804 of the dental model 801 i1s adjusted by being
reduced. I the upper part 804 1n this case 1s the antagonist,
the required minimum height of the upper part 804 may be
less than the height of the lower part 805 which may
comprise the preparation die tooth. In this case 1t 1s the base
part of the upper part that 1s reduced 1n height, 1.e. the height
of the teeth 1n the upper part 804 1s not modified.

FIG. 8f) shows an example where a spacer element 803 1s
arranged between the upper arm of the articulator 808 and
the upper part 804 of the dental model 801 for attaching the
upper part 804 of the dental model 801 1n the articulator 808.
The spacer element 803 has a predefined height.

EXAMPLE 1

The height of the articulator (AH), 1.e. the distance
between the upper (UA) and lower arm (LLA) of the articu-
lator 1n static position 1s: AH=UA-LA=100 mm.

The dental model comprises a preparation die tooth of the
type A 1n the upper part (UP) of the model, and a type A
preparation requires that the minimum height of the upper
part (UP) 1s UP=12 mm.

The type A preparation may for example be a preparation
in an anterior tooth and the preparation die tooth may for
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example have straight side walls. A type B preparation may
for example be a preparation 1n a molar tooth with tapered
or inclined side walls etc.

The antagonist height may 1n this case have a minimum
height of 8 mm. The antagonist 1s the lower part (LP) in this
case, thus LP=8 mm.

This gives a total dental model (DM) height of DM=UP+
LP=12 mm+8 mm=20 mm

This requires that the total effective height of the spacer
clements (TESE) 1s:

AH-DM=FESE=100 mm-20 mm=80 mm.

Both the upper part and the lower part of the dental model
may be fixed to the articulator, 1.e. the upper part should be
attached to the upper articulator arm and the lower part
should be attached to the lower articulator arm. Thus at least
two spacer elements may be needed.

In this example there 1s no inclination of the dental model
relative to the horizontal, and thus no spacer elements with
an inclined side 1s required and there the total effective
height of the spacer elements equals the actual height of the
spacer elements.

In this example the different possible spacer elements to
be used for attaching the dental model, have the following
heights:

A: 70 mm
B: 40 mm
C: 20 mm
D: 10 mm
E: 5 mm

F: 2.5 mm
G: 1.25 mm

So 1n this case two spacer element B’s could be used,
since this would give 2*40 mm=80 mm which should be the
total effective height of the spacer elements.

EXAMPLE 2

In this example the height of the articulator, 1.e. the
distance between the upper and lower arm 1s AH=110 mm

The minimum height of the dental model 1s DM=18 mm,
where the minimum height of the lower part with the
preparation 1s LP=11 mm, e.g. a C type preparation, and the
height of the antagonist, the upper part, 1s UP=7 mm.

The total effective height of the spacer elements should
then be TESE=110 mm-18 mm=92 mm.

If two B spacer elements, 2*40 mm=80 mm, and two E
spacer elements, 2*5 mm=10 mm, or one A spacer element,
80 mm, and one D spacer element, 10 mm, are used, then the
total eflective spacer element height 1s 80 mm+10 mm=90
mm. Thus 2 mm 1s missing in the total eflective spacer
clement height. If spacer element F 1s used, which 1s 2.5 mm,
then the total effective spacer element height would be 90
mm+2.5 mm=92.5 mm, which 1s 0.5 mm too much. Since
the dental model cannot be made any smaller, it 1s not
possible to compensate for an extra 0.5 mm. Thus the spacer
element G which 1s 1.25 mm can be used, so the total
cllective height of the spacer elements becomes 90
mm+1.25 mm=91.25 mm. Thus 92 mm-91.25 mm gives
0.75 mm lacking 1n height, and these 0.75 mm 1n height may
then be added to the dental model, which may then be
manufactured to be 0.75 higher than the minimum possible
height.

So the result 1s a total eflective height of the spacer
clements of:

TESE=91.25 mm.
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And a dental model height of DM=18+0.75 mm=18.75
mm, where the extra 0.75 mm can be added to the upper part
and/or the lower part of the dental model.

Then the total eflective height of the spacer elements plus
the height of the dental model equals the height of the
articulator AH:

TESE+DM=91.25 mm+18.75 mm=110 mm=A4.4.

In other examples the spacer elements may have other
heights, and/or the height of the articulator in static position
may be diflerent, and/or the minimum possible heights of the
dental model, both the minimum possible height of the jaw
with the preparation die tooth and the minimum possible
height of the antagonist may be difierent.

FIG. 9 shows examples of arrangements of dental models,
where the dental models are arranged with an angle of the
occlusal plane relative to the horizontal plane of the dental
articulator.

FIG. 9a) shows an example where a dental model 901 1s
arranged 1n the articulator 908 by means of a combination of
s1x spacer elements 903, where two of the spacer elements
903bi and 9035bii comprises inclined sides for retaining the
inclined dental model 901, and where four of the spacer
clements 903a, 903¢, 9034 and 903¢ are rectangular shaped.

FIG. 9b) shows an example where a dental model 901 1s
arranged 1n the articulator 908 by means of a combination of
nine spacer elements 903, where two of the spacer elements
9035; and 9035ii comprises inclined sides for retaining the
inclined dental model 901, and where seven of the spacer
clements 903a, 903¢, 9034, 903¢, 903/, 9032 and 903/ are
rectangular shaped.

Thus there may be any number of spacer elements for
retaining the upper and lower part of the dental model 1n the
articulator. However, for stability reasons and accuracy
reason it may be an advantage to use as few spacer elements
as possible, such as one spacer element for attaching the
upper part of the dental model to the upper arm of the
articulator and one spacer element for attaching the lower
part of the dental model to the lower arm of the articulator.
However, if the predefined sizes and heights of the spacer
clement do not correspond to the distance from the upper
part of the dental model to the upper arm of the articulator
and/or from the lower part of the dental model to the lower
arm of the articulator, extra spacer elements may be used for
retaining the dental model.

Alternatively and/or additionally some or all of the spacer
clements can comprise an inclined side, be wedge-shaped,
triangularly shaped eftc.

FIG. 10 shows an example where the dental model 1s
attached by means of spacer elements comprising pin shaped
spacer elements having a fixed length.

The dental model 1001 1s attached in the articulator 1008
by means of a number of different kinds of spacer elements
1003. The spacer elements 1003a and 10034 are rectangular
shaped spacer elements. The spacer elements 10035/ and
10035i:; are triangular shaped or wedge shaped spacer ele-
ments providing that the angle of the dental model 1n the
articulator 1s different from the horizontal plane. The spacer
clements 1003¢i and 1003cii are pin shaped spacer elements
of the same length or height. In the figure five pin shaped
spacer element are shown in connection with both the upper
part 1004 of the dental model 1001 and with the lower part
1005 of the model 1001. However, any number of pin
shaped spacer elements 1003¢i and 1003c¢ii may be used for
attaching the dental model 1001.

The eflective heights of the pin shaped spacer elements
1003¢i and 1003cii are the height of a pin shaped spacer
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clement 1003¢i and 1003c¢ii because the pin shaped elements
are not build on top of each other. Thus the total effective
spacer element height 1s 1n this example the height of spacer
clement 1003a plus the height of spacer element 10034 plus
the height of one spacer element 1003¢i plus the height of
one spacer element 1003cii plus the collective height of
spacer elements 10035; and 100357, which 1n this case 1s the
height of the rectangular block which 1s created when the
two triangular shaped spacer elements are arranged together.

FIG. 11 shows an example where the dental model 1s
attached by means of spacer elements comprising pin shaped
spacer elements having different lengths.

The dental model 1101 1s attached in the articulator 1108
by means of a number of different kinds of spacer elements
1103. The spacer elements 1103q and 11035 are rectangular
shaped spacer eclements. The spacer elements 1103ci,
1103cii, 1103c¢iii and 1103ciiii are pin shaped spacer ele-
ments of different length or heights. When combiming the
pin shaped spacer elements 1103 having different lengths the
angle of the dental model 1n the articulator can be provided
to be diflerent from the horizontal plane of the articulator. In
the figure 1t 1s shown that three columns of spacer elements
are used to attach the lower part and the upper part of the
dental model, respectively. Since the dental model 1is
arranged with an angle relative to the horizontal plane of the
dental articulator, the total lengths of each of the columns are
different, and thus different spacer elements 1103 are used
for the attachment. Anything from one spacer element 1n a
column to four spacer elements in a column are shown.
However, any number of pin shaped spacer elements 1103¢
may be used for attaching the dental model 1101.

The total eflective heights of the pin shaped spacer
clements 1103¢ may be total height of the shortest pin
column on the upper part of the dental model plus the height
of the longest pin column on the lower part of the dental
model, because the pin shaped elements are build on top of
cach other, and because the pin shaped columns are arranged
in the ends of the dental model.

Thus the total eflective spacer element height 1s i this
example the height of spacer element 1003a plus the height
of spacer element 10035 plus the height of one spacer
clement 1003c¢i, which 1s the length of the shortest spacer
clement column on the upper part, plus the total height of
two spacer elements 1003¢i and the height of one spacer
clement 1103c¢iii, which 1s the length of the longest pin
shaped element column on the lower part of the dental
model.

However the total eflective spacer element height can be
calculated in different ways, depending on how the spacer
clements are arranged.

FI1G. 12 shows examples of the connection elements 1n the
dental model and the spacer elements.

Connection elements may be arranged 1n the dental model
and 1n the spacer elements for connecting them together. The
connection elements can have any shape and size, which 1s
suitable for connecting the upper part and the lower part of
the dental model with spacer elements, and/or for connect-
ing individual spacer elements with each other.

FIG. 12a shows an example where the connection ele-
ments 1220 are quadratic shaped. The connection elements

1220a on the spacer element 1203 match the connection
clement 122056 on the dental model 1201.

FIG. 1256 shows an example where the connection ele-
ments are also block shaped or rectangular shaped but where
not all connection elements have the same size. The varia-

tion 1n size of the connection elements 1220a on the spacer
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clement 1203 matches the variation 1n size of the connection
clement 12205 on the dental model 1201.

The connection elements 1220, where 1220a may indicate
the spacer element part of the connection element, and
where 12200 may indicate the dental model part of the
connection element, can have any shape, size, variation 1n
shape and size, distance between the connection elements
ctc, which 1s suitable for connecting two physical items.

FIG. 13 shows examples of different facebows.

A patient’s specific facial geometry can be determined by
means ol traditional facebows or face arches or electronic
facebows using electronics and/or optics, where the facebow
1s attached to e.g. the ears or on the outside of the jaw of the
patient. Thus when the patient moves his/her jaws, the face
bows measure the movements, and the articulator, e.g. the
settings of the articulator, can then be adjusted according to
this. Movements may comprise swinging of the jaws, open-
ing of the mouth, dragging of the jaw forward, backwards
etc.

A traditional facebow may provide information about
static occlusion of a patient, and an electronic facebow may
provide mformation about static and dynamic occlusion.

A conventionel or traditional facebow 1s a device used 1n
dentistry to record static occlusion, e.g. a device to record
the positional relations of the upper arch to the temporo-
mandibular joints and to orient dental casts in this same
relationship to the opening axis of the articulator. Thus a
facebow may enable gathering of information such that a
restoration can be made to the exact cranium/axis relation-
ship of the patient and his/her anatomy. By using a mechani-
cal facial bow with electronic measuring system dynamic
occlusion can be measured, and the measurement data can
be transmitted by wire or wirelessly to the computer, or
saved on a memory component. Thus the data from the
clectronic facebow measurement can be transferred to the
computer for assisting 1n placing the alignment plane or
occlusal plane relative to the virtual model of the teeth.

An example of an electronic facebow 1s a facebow which
enables a precise measurement by means of a number of
sensors, such as sound transmitters and microphones. An
clectronic facebow can measure the lower jaw movements 1n
relation to the patient’s cranium. Alternatively, the electronic
facebow can be a facebow using magnetic measurement
technology, or the facebow can be a facebow which uses
ultrasound measurement technology, or the facebow can be
any other electronic system transierring the recorded face-
bow data to a computer.

A Tacebow may be attached to the head of the patient, e.g.
at, above or 1n the ears, and to the nasal bone between the
eyes. A bite fork with impression material on it may then be
placed in the patient’s mouth touching the teeth 1n the upper
arch, and by means of e.g. ultrasound measurements, the
distance between the bite fork and certain points on the
facebow may be determined and/or movements of the jaws
can be measured. The distance can be used to derive specific
anatomical dimensions of the patients face and/or cranium.

Furthermore, another metal fork may then be arranged on
the front surface of the teeth in the lower arch, and the
patient may move his/her lower jaw into different extreme
positions, and by means of e.g. ultrasound measurements,
these movements and extreme positions of the lower jaw
relative to the facebow may be measured, and by these
measurements dynamic occlusion and/or specific anatomical
dimensions of the patients face and/or cranium may be
determined.

All the measurements of static and/or dynamic occlusion
with the facebow as described above may be made and
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stored electronically, and the measurements may thus be
transferred to a computer on which the computer-imple-
mented method of placing the virtual alignment plane rela-
tive to the virtual model of the teeth 1s performed, and thus
the dynamic occlusion measured on the patient may be used
to perform the placement of the virtual alignment plane
relative to the virtual model of the teeth.

Thus the dynamic occlusion can be recorded electroni-
cally and played or replayed, while modelling e.g. a resto-
ration.

FIGS. 13a) and 135) are examples of electronic facebows,
whereas FIGS. 13¢) and 13d) are examples of conventional
mechanical facebows.

FIG. 14 shows a flowchart of obtaining information for
arranging the dental model in the physical articulator.

In FIG. 14a) an electronic facebow measurement of the
patient 1s made.

In FIG. 14b) a virtual 3D representation which 1s a virtual
3D dental model of the patient’s set of teeth 1s obtained. The
virtual 3D representation may be obtained by direct intra
oral scanning of the patient’s teeth, or by obtaiming a
physical impression of the patient’s teeth and scanning the
impression, or by casting a physical model of the patient’s
teeth from the physical impression and then scanning the
physical model.

In FIG. 14¢) the facebow measurement of the patient from
FIG. 14a) and the virtual 3D representation or the dental
model of the patient’s teeth from FIG. 145) are combined to
obtain a virtual arrangement of the virtual dental model 1n
the virtual articulator.

In FIG. 14d) a physical arrangement of the physical dental
model 1n the physical articulator 1s obtained from the virtual
arrangement in FIG. 14¢). Note that the dental model 1s
attached 1n the articulator using traditional means such as
gypsum and that the height of the dental model 1s not
mimmized 1n this figure.

FIG. 15 shows a flowchart of obtaining information for
arranging the dental model in the physical articulator.

In FIG. 13a) an electronic facebow measurement of the
patient 1s made.

In FIG. 155b) a virtual 3D representation which 1s a virtual
3D dental model of the patient’s set of teeth 1s provided. The
virtual 3D representation may be obtained by direct intra
oral scanning of the patient’s teeth, or by obtaiming a
physical impression of the patient’s teeth and scanning the
impression, or by casting a physical model of the patient’s
teeth from the physical impression and then scanning the
physical model.

In FIG. 15¢) the facebow measurement of the patient from
FIG. 15a) and the virtual 3D representation or the dental
model of the patient’s teeth from FIG. 155) are combined to
obtain a virtual arrangement of the virtual dental model 1n
the virtual articulator.

In FIG. 15d) a virtual and/or physical arrangement of the
dental model 1n the articulator by means of spacer elements
1s obtained. The arrangement of the dental model 1n the
articulator 1s obtained by means of spacer elements, whereby
the height of the dental model can be mimmized.

FIG. 16 shows a flowchart of obtaining information for
arranging a dental model 1n a virtual articulator.

In FIG. 16a) a mechanical facebow measurement of the
patient 1s made.

In FIG. 16b) the mechanical facebow measurement 1s
used for physically arranging the physical dental model 1n a
physical articulator.
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In FIG. 16c¢) the physical arrangement of the dental model
in the physical articulator 1s used for virtually arranging the
virtual dental model i a virtual articulator.

FIG. 17 shows a flowchart of obtaining information for
arranging a dental model 1n a virtual articulator.

In FIG. 17a) a mechanical facebow measurement of the
patient 1s made.

In FIG. 17b) the mechanical facebow measurement 1s
used for physically arranging the physical dental model 1n a
physical articulator.

In FIG. 17¢) the physical arrangement of the dental model
in the physical articulator 1s used for virtually arranging the
virtual dental model 1n a virtual articulator.

FIG. 18 shows a flowchart of modilying the size of a
dental model such that it can be arranged 1n a desktop
scanner for scanning.

FIG. 18a) shows an example of a physical dental model
physically arranged 1n a physical articulator by means of a
number of spacer elements.

FIG. 18b) shows an example where the dental model 1s
separated 1n its lower part and upper part. Furthermore only
tew spacer elements are still attached to the upper and lower
part of the dental model so that the upper and lower part are
not too high for being arranged and scanned 1n the desktop
scanner.

FIG. 18¢) shows that the upper part and lower part of the
dental model can be arranged in a desktop scanner to be
scanned, since they are low enough for fitting in there. The
upper and lower part are low enough because the spacer
elements, which are used to attach the dental model 1n the
articulator, can be removed from the dental model when
scanning should be performed. If the upper part and lower
part of the dental model had been attached 1n the articulator
by means of gypsum, gypsum would have been fixed to the
dental model and this gypsum cannot removed, and 11 too
much gypsum was used, the height of the dental model with
the fixed gypsum could be too high to fit in the desktop
scanner for scanning of the dental model.

Although some embodiments have been described and
shown 1n detail, the invention 1s not restricted to them, but
may also be embodied in other ways within the scope of the
subject matter defined 1n the following claims. In particular,
it 1s to be understood that other embodiments may be utilised
and structural and functional modifications may be made
without departing from the scope of the present mnvention.

In device claims enumerating several means, several of
these means can be embodied by one and the same 1tem of
hardware. The mere fact that certain measures are recited in
mutually different dependent claims or described in different
embodiments does not indicate that a combination of these
measures cannot be used to advantage.

A claim may refer to any of the preceding claims, and
“any” 1s understood to mean “any one or more” of the
preceding claims.

It should be emphasized that the term “comprises/com-
prising’ when used 1n this specification 1s taken to specily
the presence of stated features, integers, steps or components
but does not preclude the presence or addition of one or
more other features, integers, steps, components or groups
thereof.

The features of the method described above and in the
following may be implemented 1n software and carried out
on a data processing system or other processing means
caused by the execution of computer-executable instruc-
tions. The 1nstructions may be program code means loaded
in a memory, such as a RAM, from a storage medium or
from another computer via a computer network. Alterna-
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tively, the described features may be implemented by hard-
wired circuitry instead of soitware or in combination with
software.
The 1nvention claimed 1s:
1. A method of virtually designing an attachment of a
dental model to be manufactured of a patient’s set of teeth
in a physical dental articulator, where the dental model to be
manufactured 1s to be attached between an upper arm and a
lower arm of the physical dental articulator by one or more
spacer elements, where the method comprises:
obtaining a virtual 3D dental model of the patient’s set of
teeth, wherein the virtual 3D dental model comprises
an upper part and a lower part representing a patient’s
upper jaw and the patient’s lower jaw, respectively;

obtaining a virtual dental articulator corresponding to the
physical dental articulator, where the physical dental
articulator has a distance between the upper arm and
the lower arm 1n a static position of the physical dental
articulator;
setting or providing the 3D virtual dental model 1n the
virtual dental articulator corresponding to an orienta-
tion in which the dental model to be manufactured 1s
intended to be arranged within the physical dental
articulator:
obtaining one or more virtual spacer elements, where each
virtual spacer element has a corresponding physical
spacer element for attaching the dental model to be
manufactured to the physical dental articulator;

determining a height of the dental model to be manufac-
tured where the height of the dental model to be
manufactured 1s a combined height of a lower and an
upper part of the dental model to be manufactured;

calculating a total height of the physical spacer elements
by subtracting the determined height of the dental
model to be manufactured from the distance between
the upper arm and the lower arm 1n said static position
of the physical dental articulator; and

determining a combination of physical spacer elements,

taking 1nto account a height of each of the physical
spacer elements and a number of the physical spacer
clements, to obtain the total height of the physical
spacer elements calculated 1n the calculating step,
wherein the determined height of the dental model to be
manufactured and the total height of the physical spacer
clements together equal the distance between the upper
arm and the lower arm of the physical dental articulator
in said static position.

2. The method according to claim 1, where determiming,
the height of the dental model to be manufactured comprises
adjusting a height of the upper and/or lower part of the
virtual 3D dental model.

3. The method according to claim 2, wherein the upper
and/or lower part of the virtual 3D dental model comprises
a base part, and wherein adjusting a height of the virtual 3D
dental model comprises adjusting a height of the base of the
upper and/or lower part.

4. The method according to claim 1, wherein the method
comprises setting a minimum height of the dental model to
be manufactured, and where the determined height of the
dental model to be manufactured 1s not less than the mini-
mum height of the dental model to be manufactured.

5. The method according to claim 4, wherein determining,
the height of the dental model to be manufactured and
determining the number of each of the kinds of spacer
clements to be used for the attachment of the height of the
dental model to be manufactured in the physical dental
articulator comprises:

10

15

20

25

30

35

40

45

50

55

60

65

28

determiming 1f any combination of spacer elements pro-
vides a difference between a height of the physical
dental articulator and the minimum height of the dental
model to be manufactured;

if yes, then the difference between the height of the

physical dental articulator and the mimmum height

of the dental model to be manufactured 1s the total

height of the physical spacer elements, and the

height of the dental model to be manufactured 1is

equal to the minimum height of the dental model to
be manufactured:

if no, then based on the predetermined heights of the

one or more kinds of spacer elements determine a

possible total spacer elements height; and then deter-

mine the height of the dental model to be manufac-
tured as the difference between the physical dental
articulator height and the possible total spacer ele-
ments height, under the restriction that the height of
the dental model to be manufactured 1s larger than
the minimum height of the dental model to be
manufactured.

6. The method according to claim 4, wherein the total
height of the physical spacer elements 1s determined such
that the height of the dental model to be manufactured 1s as
close to the minmimum height of the dental model to be
manufactured as possible.

7. The method according to claim 4, wherein the mini-
mum height of the dental model to be manufactured 1s
etermined based on the type of preparation and/or based on
e type of pin on the tooth preparation die and/or based on
ne support means fixing the tooth preparation die in the
ental model to be manufactured.

8. The method according to claim 1, wherein the height of
the dental model to be manufactured and the total height of
the physical spacer elements are determined by an iterative
process, where the height of the dental model to be manu-
factured and the total height of the physical spacer elements
are alternately adjusted in steps.

9. The method according to claim 1, wherein a number of
different possible total heights of the physical spacer ele-
ments are determined based on the predetermined heights of
the physical spacer elements.

10. The method according to claim 9, wherein the highest
possible total height of the physical spacer elements 1s
selected.

11. The method according to claim 1, wherein at least one
of the physical spacer elements 1s designed to have an
inclined surface which compensates for an angle of the
patient’s occlusion plane relative to the patient’s horizontal
plane.

12. The method according to claim 1, wherein the height
of the dental model to be manufactured 1s determined with
the upper part and the lower part arranged 1n static occlu-
S1011.

13. The method according to claim 1, wherein the physi-
cal spacer elements comprise one or more plates, one or
more vertical pins, one or more triangular shaped block, one
or more blocks with an inclination a side, and/or one or more
tripods with individually adjustable height of each the three
legs of the tripod.

14. The method according to claim 1, wherein the one or
more of the virtual spacer elements are selected from a
digital library of spacer elements 1n different shapes, forms
and sizes.

15. The method according to claim 1, wherein the physi-
cal spacer elements are standard spacer elements from a
manufacturer of spacer elements.
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16. The method according to claim 1, wherein one or
more of the physical spacer elements are manufactured for
the specific dental model.

17. The method according to claim 1, wherein the one or
more physical spacer elements and/or the upper part and/or
lower part of the dental model comprises one or more
connecting elements for connecting the physical spacer
clements together and/or for connecting the upper part of the
dental model with a physical spacer element and/or for
connecting the lower part of the dental model with a physical
spacer element.

18. The method according to claam 17, wherein the
connecting elements are shaped as protrusions and holes,
such that a protrusion 1n a first physical spacer element
and/or 1n the upper part and/or lower part of the dental model
connects with an opposite hole 1n a second physical spacer
clement and/or 1n the lower part and/or upper part of the
dental model to be manufactured, respectively.

19. The method according to claim 1, wherein the step of
determining the total height of the physical spacer elements
and a corresponding height of the dental model to be
manufactured and the step of determining the number of
cach kind of physical spacer elements required to obtain the
total height of the spacer elements 1s performed as one step
in which the total height of the physical spacer elements the
number of each kind of physical spacer elements required to
obtain the total height are determined simultaneously.

20. The method according to claim 1, wherein the virtual
3D dental model 1s obtained by 3D scanning.

21. The method according to claim 1, further comprising
manufacturing the dental model to be manufactured from the
virtual 3D model of the patient’s set of teeth by direct digital
manufacturing.

22. The method according to claim 1, further comprising
attaching at least one of the lower part of the virtual 3D
dental model with the lower arm or the upper part of the
virtual 3D dental model with the upper arm using a plurality
of spacer elements.

23. A method of virtually designing an attachment of a
dental model to be manufactured of a patient’s set of teeth
in a physical dental articulator, where the method comprises:

obtaining a virtual 3D dental model of the patient’s set of

teeth;

obtaining a virtual dental articulator corresponding to the

physical dental articulator, where the physical dental
articulator comprises an upper arm and a lower arm and
has a known distance between the upper arm and the
lower arm 1n a static position of the physical dental
articulator:

setting or providing the 3D wvirtual dental model 1n the

virtual dental articulator corresponding to an orienta-
tion which the dental model to be manufactured 1s
intended to be arranged within the physical dental
articulator;

setting an 1nitial height of the 3D virtual dental model;

providing one or more virtual spacer elements with pre-

determined heights, where each kind of the wvirtual
spacer c¢lements has a corresponding physical spacer
element:;

where the total height of the physical spacer elements 1s

a combined height of all the physical spacer elements
used for attaching the dental model to be manufactured
in the physical dental articulator; such that a height of
the dental model to be manufactured and the total
height of the physical spacer elements equal the dis-
tance between the upper arm and the lower arm of the
physical dental articulator, whereby the dental model to
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be manufactured 1s adapted to be attached between the
upper arm and the lower arm 1n the physical dental
articulator by the one or more kinds of physical spacer
elements;

applying the height of the dental model to be manufac-
tured and the distance between the upper arm and the
lower arm 1n said static position of the physical dental
articulator to calculate an initial total height of the
physical spacer elements by calculating a difference

between the physical dental articulator height and the
height of the dental model;

determiming if any combination and/or number of the
physical spacer elements provides the initial total
height of the physical spacer elements;
11 no combination and/or number of the different kinds of
physical spacer elements provides the initial total
height of the physical spacer elements, then:
calculate an adjusted total height of the physical spacer
clements, which 1s possible to obtain using the
physical spacer elements; and

calculate an adjusted height of the dental model to be
manufactured, such that the height of the dental
model to be manufactured and the adjusted total
height of the physical spacer elements equal the
distance between the upper arm and the lower arm of
the physical dental articulator.

24. The method according to claim 23, wherein the virtual
3D dental model 1s obtained by 3D scanning.

25. The method according to claim 23, further comprising
manufacturing the dental model to be manufactured from the
virtual 3D model of the patient’s set of teeth by direct digital
manufacturing.

26. A method of virtually designing an attachment of a
dental model to be manufactured of a patient’s set of teeth
in a physical dental articulator, where the dental model to be
manufactured 1s to be attached between an upper arm and a
lower arm of the physical dental articulator by one or more
spacer elements, where the method comprises:

obtaining a virtual 3D dental model of the patient’s set of
teeth, wherein the virtual 3D dental model comprises
an upper part and a lower part representing a patient’s
upper jaw and the patient’s lower jaw, respectively;

obtaining a virtual dental articulator corresponding to the
physical dental articulator, where the physical dental
articulator has a distance between the upper arm and
the lower arm 1n a static position of the physical dental
articulator;

setting or providing the 3D virtual dental model 1n the
virtual dental articulator corresponding to an orienta-
tion in which the dental model to be manufactured 1s
intended to be arranged within the physical dental
articulator:

obtaining one or more virtual spacer elements, where each
virtual spacer element has a corresponding physical
spacer element for attaching the dental model to be
manufactured to the physical articulator;

determinming a height of the dental model to be manufac-
tured, where the height of the dental model to be
manufactured 1s a combined height of a lower and an
upper part of the dental model to be manufactured;

calculating a total height of the physical spacer elements
by adding (1) a distance between the upper arm of the
physical dental articulator and a lowest part of the
upper part and (2) a distance between the lower arm of
the physical dental articulator and a highest part of the
lower part; and
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determining a combination of physical spacer elements,
taking into account a height of each of the physical
spacer elements and a number of the physical spacer
clements, to obtain the total height of the physical
spacer clements calculated 1n the calculating step, 5
wherein a projected height of the dental model to be
manufactured onto a vertical axis of the articulator and
the calculated total height of the physical spacer ele-
ments without inclusion of height of at least one spacer
clement that overlaps with the height of the dental 10
model when the dental model 1s arranged 1n the articu-
lator together equal the distance between the upper arm
and the lower arm of the physical dental articulator in
said static position;

wherein: 15

the orientation comprises an angle of an occlusion plane
of the 3D wvirtual dental model relative to a horizontal
plane of the virtual dental articulator such that the 3D
virtual dental model 1s inclined relative to the horizon-
tal plane when arranged 1n the virtual dental articulator. 20
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